A recent Port-Royal study 1 showed the common and, at times, very persistent failure to catch up in size of small for gestational age (SGA) extremely low birth weight (ELBW, , 1000 g) survivors. Long term neurodevelopmental follow up 2 showed an increasing gap in academic performance with age, which was related in part to the socioeconomic and cultural (SEC) level of the families. Some of these SGA ELBW infants are discrepant twins/triplets with much larger co-twins/triplets. When both twins or all triplets are born alive and survive, they constitute a natural match: same gestational age, same family and therefore food and sociocultural milieu, and same age at follow up. The aim of this study was to delineate the respective roles of intrauterine growth restriction and postnatal environment in sets of discrepant twins/triplets, focusing on the catch up in size, mid and long term neurodevelopmental outcome, and school performance.
MATERIALS AND METHODS
From 1 January 1 1981 through to 31 December 1999, 783 ELBW babies born in Paris and the suburbs were admitted to the Port-Royal neonatal intensive care unit. Of these, 353 were SGA (birth weight less than the 10th centile of the weight curves produced by Lubchenco et al 3 , the standard reference at Port-Royal since 1963). Of these SGA babies, 267 survived, 54 (20%) of which were from twin/triplet pregnancies. Seven neonates had similar ELBW SGA co-twin/ triplet(s), and 11 were ''single survivors'' after fetal or neonatal death of co-twin/triplet(s), leaving 36 ELBW SGA survivors with a surviving twin/triplet who was the appropriate size for gestational age (AGA; all with birth weight . 1000 g). Of these 36 sets, 31 were twins and five were triplets. Eight pairs were monochorionic diamniotic twins (three ascertained twin-twin transfusion syndromes). Twenty three SGA neonates were second twins, eight were first twins, one was a first triplet, two were second triplets, and two were third triplets. Thirteen twin and one triplet pregnancies were spontaneous, six twin and one triplet pregnancies occurred after ovarian stimulation, and 12 twin and three triplet pregnancies followed in vitro fertilisation (one with intracytoplasmic sperm injection).
Median maternal age was 29 years (range 18-40). Eleven mothers presented with pre-eclampsia, one with Crohn's disease, one with b thalassaemia, one was an HIV positive controlled substance abuser, and one had cerebral thrombophlebitis and stroke at nine weeks of gestation. Twenty one families were French, six were from Maghreb/Near East, five were from Equatorial Africa, and four were miscellaneous. The SEC level of each family was evaluated individually (parental education/work, resources, immigration status, French language fluency, type of household) and was rated as high (highly skilled, well paid, stable, two parent families), average, or low (illiterate, recent immigrant, unemployed, unstable, one parent families). Table 1 shows anthropometric data at birth and the main clinical features and complications. The birth weight ratio 4 was calculated as the SGA infant's birth weight divided by the reference 3 median birth weight for the infant's gestation: the range was 0.32-0.76 for SGA neonates and 0.68-1.15 for AGA neonates. All neonates were checked against special weight data produced by Bertino et al 5 for male/female twins; z scores were computed as well as intrapair differences in Abbreviations: AGA, appropriate size for gestational age; ELBW, extremely low birth weight; SEC, socioeconomic and cultural; SGA, small for gestational age z scores. The birth weight of the smaller twin/triplet was on average 62% of that of the larger co-twin/triplet (range 38-84%). Of 31 twin pairs, 23 were same sex (10 male and 13 female pairs), six SGA girls had a male AGA sibling, and two SGA boys had a female AGA sibling. In four sets of triplets, the SGA infant was matched with the same sex co-triplet, and one girl was matched with the smaller boy triplet. The 11 congenital anomalies in the SGA twins were severe in two cases (one partial trisomy 9 and one right hydronephrosis/ unexplained microcephaly), and mild in nine cases: three hypospadias (one with abnormal auditory ossicles and one with a small atrial septal defect), one unilateral choanal atresia, one bilateral choanal atresia with incomplete S3-S4 vertebrae and horseshoe kidneys, one minimal ventricular septal defect (spontaneous closure), one ovarian cyst, one isolated coccygeal foveola, and one athyreosis (immediately treated after neonatal screening). In the AGA twins, four congenital anomalies consisted of one pulmonary atresia with intact ventricular septum (successful surgery), two small atrial septal defects (one with costovertebral defects), and one minimal hypospadias with minor anomaly of auditory ossicles (similar but milder than in his SGA twin).
After discharge, 23 sets were followed at the Port-Royal Neurodevelopmental Clinic (1-15 visits) and elsewhere (''Protection Maternelle et Infantile'' and/or private paediatricians, ophthalmologists, physiotherapists, psychologists, speech therapists, endocrinologists, orthopaedists, school and/or social security doctors, as needed, or required by health regulations), usually bimonthly during the first year of life, quarterly during the second year, and as clinically indicated afterwards. Thirteen sets were only seen in similar clinics in other university or high level regional hospitals, and with the same range of specialists. Anthropometric data and basic neurodevelopmental steps are stored in the child's ''Carnet de Santé'' (personal health record). Children seen at Port-Royal had the following: measurement of height, weight, and head circumference; standard neurophysical examinations; administration of the ''Nouvelle Echelle Métrique de l'Intelligence'' 6 (the French developmental assessment scale); assessment of vision/hearing; their parents were interviewed. Families living outside Paris or outside France responded to detailed phone interviews with the help of the ''Carnet de Santé'' or to age adapted questionnaires once or twice a year (individually designed grids for anthropometric data, vision, hearing, neurodevelopmental steps and school results, and invited open comments on ''problems'', character, and behaviour). Additional information was obtained from paediatricians, special clinics, institutions, or special schools, including portraits, copies of school doctor evaluations and/or social security (national health service) screenings. All redundant information was cross checked for consistency.
All growth parameters were plotted against French curves (mean and standard deviations) of anthropometric measurements produced by Sempé et al, 7 using the corrected age up to 3 years, then according to chronological age; z scores were computed. Head circumference in children above 3 years of age was plotted against Nellhaus' reference curves, 8 which are similar to those of Sempé et al up to 3 years but provide references up to 18 years of age. Height and head circumference were expressed in cm (accuracy 0.5 cm), weight in kg and decimals (accuracy 100 g in toddlers to 500 g in teenagers). Catch up in size was considered achieved if and when parameters reached 22SD and above and remained above this limit through the most recent measurements. Growth was also assessed by changes in z scores.
Apart from size, children were considered normal if there were no motor/sensory or behavioural disturbances and no mental or school delay (absence of any deficiency). 9 Minor deficiencies included mild/transient hypotonia and/or motor delay, clumsiness, subaverage fine motricity, mild sensory impairments, mild language or developmental delay, slight behavioural disturbances, or a grade level one year below normal. These deficiencies permitted normal integration but required some educational help. Moderate deficiencies included spastic diplegias, and/or moderate visual or hearing deficits, and/or mental delays with developmental quotient (DQ) between 70 and 84, grade level delays of two years or special classes, and/or disturbing behavioural symptoms (mainly hyperactivity/attention deficit). With additional intervention, integration was still possible. Major disabilities included severe cerebral palsy (hemiplegia, quadriplegia) For the z score, the difference is the mean of the intrapair score differences. Exact x 2 on discordant pairs. p Values in bold indicate significant difference. *Values are mean (range). ÀValues are n/N where N is the number of known data and n is the number of cases.
Values are median (range). 1One also had minor leucomalacias. SGA, Small for gestational age; AGA, appropriate size for gestational age; HC, head circumference; NEC, necrotising enterocolitis; PIVH, peri-intraventricular haemorrhage, bilateral grading.
and/or severe developmental delay with DQ , 70 and/or severe sensory impairments that required intensive supervision and special education or institutionalisation, with little or no social integration. Under the CHU Cochin policy, no approval by the institutional committee was necessary for this type of clinical research as long as the patients' anonymity was preserved.
RESULTS
The length of follow up was 3 years (corrected age) up to 17 years.
Catch up in size
All 36 sets were older than 3 years 3 months (. 3 years corrected age); 21 sets were above 6 years and up to 17 years of age. Age at measurements was 3 years 3 months to 5 years 4 months in 36 sets, and at the most recent measurements, 6 years 6 months to 17 years in 21 sets. Table 2 shows that most SGA twins/triplets did not catch up in size. Even when they did catch up-that is, above 22SD-they remained shorter than their AGA siblings in 30/33 sets (two pairs ended up identical in size, and one SGA girl became taller by 4 cm when the growth of her larger twin slowed at 8 years of age and headaches began, leading to non-contributive medical investigation). The weight of the SGA children was persistently lower in 30/33 pairs (two pairs had identical weights, and one SGA girl was heavier by 1050 g). Finally, SGA survivors had smaller head circumferences in 26/29 pairs (two pairs had identical head circumferences and one SGA girl had a larger head circumference by 2 cm). The SGA girl who was heavier and had a larger head circumference also presented with clitoris and breast hypertrophy, but an endocrinology screening only showed a thyroid stimulating hormone concentration at the upper limit of normal and a moderately advanced bone age (she remains under close supervision and follow up). Mean intrapair z score differences remained highly significant, in spite of some attenuation above 6 years of age. Ten former SGA children had endocrinological evaluations, and two are currently receiving growth hormone treatment.
Neurodevelopmental follow up and school performance The SEC level was high in 11 families, average in 17, and low or very low in eight.
Assessments were repeated in at least 33/36 for vision, 30/36 for hearing, and 31/36 for neurological development, and school level was known (usually along with the teacher's opinion) in 67 children (one normal boy was in Africa, four children had special education).
The two SGA children with severe congenital anomalies were excluded from the neurodevelopmental results: one girl with partial trisomy 9, deafness, and severe motor and mental retardation (living in an institution) had a probably normal AGA brother who was sent back to Africa; one boy with unexplained microcephaly, deafness, and severe retardation (special education) had a normal AGA brother. Table 3 shows a tendency for more SGA children to have mild motor abnormalities. The severe motor deficiency in the AGA group was observed in the one girl with former grade III-III peri-intraventricular haemorrhage. Severe retardation was observed in the same girl and in an AGA boy with severe behavioural problems. Deafness was observed in a former SGA otherwise normal boy with a congenital anomaly of auditory ossicles (likely to have surgery later), while his AGA brother had a milder similar anomaly and mild hearing loss. Behavioural disturbances were much more common in SGA children, with social and academic consequences. Severe behavioural disturbances were observed very early in one pair of triplets and required special education (the three triplets are in special education and from a family of very low SEC level) as well as in a set of twins (difficulties present already in the first year of nursery school). Speech problems were also more common in SGA children (seven pairs and seven SGA children had delayed speech and/or speech therapy, one AGA child had no language with severe mental retardation).
Nine SGA and four AGA neonates with mild congenital defects were not excluded. Of nine SGA children, two were strictly normal at follow up, four had mild and three had moderate problems. All of them were at normal school level. The four AGA children had mild problems and were at normal school level. Table 4 shows that fewer SGA children were strictly normal. All children attended school or special education. Both co-twins/triplets were at the same normal grade level in 24/34 sets: three sets were one year behind; one set was in special education; in six sets, the SGA child was one year behind while five AGA co-twins/triplets were at a normal level and one AGA co-twin was in special education. However, 15 sets were still in nursery school. In addition, at least four sets, five SGA and one AGA children received parental and/or professional help/training, although some families presented assistance with homework as ''routine'' procedure. Some parents struggled hard to keep the SGA child at the same grade level as the AGA co-twin/triplet.
DISCUSSION
This longitudinal study of 36 sets of discrepant ELBW SGA twins/triplets compared with their AGA co-twins/triplets showed persistent failure to catch up in size of SGA children and a higher incidence of minor/moderate deficiencies, but they usually maintained grade level parity with their cotwins/triplets.
It has been repeatedly reported that former SGA children remained smaller than their AGA counterparts, [10] [11] [12] especially ELBW SGA survivors. 1 13 The problem of restricted growth in one discrepant twin has been extensively studied by obstetricians 14 interested in the cause, level of discordance, and effect on perinatal outcome. Some studies 15 16 have looked at the problem in limited series (14 pairs each) of mostly full term monozygous twins, of which a few were also SGA. One series 15 showed reduced height and head circumference in the originally underweight twin at 9-17 years of age. The other 16 reported normal growth at 3-9 years of age provided that the birth weights of both twins were above the 10th centile, whereas lighter SGA twins often showed inadequate catch up growth. Even in dizygotic twins, the sex adjusted target height is the same for both children (most similar in monozygotic twins). The effect of differences in social class on catch up growth 17 is not relevant in siblings. The size at birth, as defined by the birth weight ratio, 4 is strongly and linearly related to body weight, height, and head circumference at 18 months of age. A recent study 18 showed that fetal size is a significant predictor of postnatal growth, even taking into consideration the genetic potential in stature, as estimated by the target height. The high proportion of ELBW SGA discrepant twin/triplets who failed to catch up, and the fact that almost all of those who did catch up remained significantly shorter and lighter than their AGA co-twins/ triplets, is evidence of a lasting stunting effect of intrauterine growth restriction. Whereas it is readily accepted that an SGA girl will remain smaller than her AGA brother, differences within like-sex pairs may cause resentment in the smaller child, and SGA boys who remain smaller than their sister may be in a really difficult situation.
The neurodevelopmental outcome of former SGA children has also been analysed in series including various numbers of ELBW survivors 2 4 19-25 for various lengths of follow up, from 1 year 19 to 18 years. 2 It has been shown that motor 4 and cognitive 4 23 abilities correlate with the birth weight ratio, being worse in lighter neonates for a given gestational age. Other studies used controls matched by gestational age, 19-22 24-25 -that is, larger AGA neonates. They reported a higher incidence of minor and sometimes major 19 neurological problems in SGA children, as well as poorer cognitive scores, with a significant effect of SGA even at equal neurological status, 22 and more language problems. 24 One study focused on discrepant twins 26 and found no difference in the rate of severe handicap at 8 years of age; however, all survivors weighed more than 1000 g at birth. Although a number of studies have documented higher rates of cerebral palsy in surviving twins, our own low rate may be explained by the survival of both twins, as a large part of the increased rates of cerebral palsy has been related to the death of a co-twin, especially in monozygous twins and mainly with twin-twin transfusion syndrome. Therefore our higher rate of minor deficits and behavioural disturbances in ELBW SGA twins is in agreement with earlier data.
Learning difficulties in SGA full term singletons have been well documented. 27 In comparison with our previous experience of ELBW SGA survivors, 2 -that is, a high rate of learning difficulties that increase with age and difficulty maintaining the appropriate grade-the number of SGA/AGA pairs remaining in the same class and mostly at a normal level was a favourable finding of this study, although more SGA children eventually repeated a grade. The cognitive impairments have been in part attributed to the higher incidence of neurological abnormalities in SGA children. 22 However, several studies have pointed out the role of the mother's education 20 and parental factors. 25 28 Children at high biological risk have been found to be able to catch up on their cognitive delay in a highly stimulating home environment. 29 In a very large study, educational disabilities associated with adverse perinatal conditions appeared to be 1/34À NS Differences in z score are the means of intrapair differences. Exact x 2 on discordant pairs. *Values are n/N where n is number in which catch up growth was not achieved, N is the number of known data in children older than 3 years corrected age. ÀOne missing AGA child was a ''big boy'' sent back to Equatorial Africa, the other one was a big severely handicapped girl (no record of weight or height). Two children were excluded: one girl with partial trisomy 9 and one boy with severe unexplained growth failure, microcephaly, and severe mental retardation. SGA, Small for gestational age; AGA, appropriate size for gestational age; NS, not significantly different. Exact x 2 on discordant pairs. The p value in bold indicates significant difference. *Two SGA children with severe congenital anomalies were excluded. ÀOne missing AGA child was a ''normal'' boy sent back to Africa.
The severely handicapped AGA child (peri-intraventricular haemorrhage grade III-III) could not be tested. SGA, Small for gestational age; AGA, appropriate size for gestational age; n, number of normal children; N, number of known data.
mitigated by sociodemographic factors. 30 In our general SGA study, 2 we noted that cumulative minor deficiencies were often inadequately dealt with in families of low SEC level. In this study, it appears that the presence of a relatively normal large AGA twin is a stimulating factor, both as a permanent reminder of the SGA twin's deficiencies and as an incentive for the parents to achieve ''equality'' between co-twins/ triplets. One father (speaking of a tiny twin sister who was much smarter than her slow large brother) stated: ''We tailor their activities to the needs of each child so that neither will feel at a disadvantage''. This is a good policy in any family, and parents of discrepant twins appear to achieve it in most cases.
Conclusions
Although raised in the same environment, SGA ELBW twins/ triplets remain smaller than their AGA co-twins/triplets, and they have a higher incidence of minor deficiencies/behavioural problems. However, with appropriate supervision and assistance, most of them maintain grade level parity with their AGA co-twins/triplets. This highlights the important role played by schools in tackling the problems of SGA survivors, especially those from low SEC families. Exact x 2 on discordant pairs. *Two children with severe congenital anomalies were excluded (both with severe problems, one in an institution, one in special education). ÀOne probably normal boy was sent back to Africa. SGA, Small for gestational age; AGA, appropriate size for gestational age; n, number of normal children; N, number of known data.
